Proviral Organization and Sequence Analysis of Feline Immunodeficiency Virus Isolated from a Pallas' Cat  by BARR, MARGARET C et al.
VIROLOGY 228, 84–91 (1997)
ARTICLE NO. VY968358
Proviral Organization and Sequence Analysis of Feline Immunodeficiency
Virus Isolated from a Pallas’ Cat
MARGARET C. BARR,1 LILY ZOU,2 FAN LONG,3 WENDY A. HOOSE, and ROGER J. AVERY4
Department of Microbiology and Immunology, College of Veterinary Medicine, Cornell University, Ithaca, New York 14853
Received September 23, 1996; returned to author for revision October 21, 1996; accepted November 25, 1996
The nucleotide sequence and genomic organization have been determined for a highly cytopathic feline immunodeficiency
virus (FIV) isolated from a Pallas’ cat. The 9747-bp provirus of this virus, FIV-Oma, has typical lentivirus organization with
LTRs, gag, pol, and env open reading frames (ORFs), putative vif and rev ORFs, and an ORF similar to ORF2/ORFA of
domestic cat FIV isolates. Although the FIV-Oma provirus is 300 to 600 bp longer than other FIV proviruses, these additional
bases are distributed throughout the genome. Phylogenetic analysis of a conserved region of the pol gene suggests that
FIV-Oma is more closely related to some of the puma and lion lentiviruses than it is to domestic cat FIV isolates; however,
many regions of the genome exhibit extensive nucleotide sequence divergence. None of the eight molecular proviral clones
isolated from a genomic library are infectious, but we have constructed an infectious, cytopathic clone of FIV-Oma from
subcloned and PCR-amplified fragments of these proviral clones. This clone will be useful for identifying the genetic
determinants of FIV-Oma’s biological activities. q 1997 Academic Press
INTRODUCTION search (Bennett and Hart, 1995; Siebelink et al., 1990),
study of the feline lentiviruses provides an opportunity
Lentiviruses infect many species of domestic and non-
not only for enhancing knowledge of the evolutionary
domestic cats. Molecular clones of several domestic cat
history of lentiviruses, but also for increasing the under-
isolates of feline immunodeficiency virus (FIV) have been
standing of the complex virus–host interactions in lentivi-
sequenced (Maki et al., 1992; Miyazawa et al., 1991;
rus infections which result in immunosuppression.
Olmsted et al., 1989; Phillips et al., 1990; Talbott et al.,
Infection of Crandell feline kidney (CrFK) cells with a
1989); however, the full sequence for only one nondo-
lentivirus isolated from a Pallas’ cat, FIV-Oma, results in
mestic cat lentivirus (isolated from a puma) has been
extensive syncytium formation and lysis of the monolayer
reported (Langley et al., 1994). Nucleotide sequence data
(Barr et al., 1995). In contrast, domestic cat FIV isolates
for short regions of the pol gene have been obtained for
either establish noncytolytic infections in CrFK cells or
lentiviruses infecting additional pumas, several lions, and
fail to infect these cells (Yamamoto et al., 1988). Although
a Pallas’ cat (Barr et al., 1995; Brown et al., 1994; Olmsted
fusogenic activity in CrFK cells by the domestic cat FIV-
et al., 1992). Based on these limited analyses, the various
Petaluma isolate when grown in low serum concentra-
species of cats appear to be infected with their own
tions has been observed, extensive cell death does not
unique lentiviruses. The degree of nucleotide sequence
occur (Tozzini et al., 1992). A highly cytopathic Zairian
divergence between the lentiviruses infecting different
strain of HIV-1, HIV-1 NDK, has biological properties in
species of cats is similar to that between human immuno-
CEM cells (Hirsch et al., 1992) which are similar to those
deficiency virus (HIV) and simian immunodeficiency virus
of the FIV-Oma isolate in CrFK cells. The HIV-1 NDK
isolates (Olmsted et al., 1992). Because FIV infection in
determinants of cytotoxicity and fusogenic effect have
cats is a laboratory model for HIV and human AIDS re-
been mapped to different regions of the genome, with
its increased cytotoxic effect and rapid replication being
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large portion of the pol gene. The formation of largeLa Jolla, CA 92037.
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02142. leader and 5* gag sequences and the HIV-1 NDK env
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mal. This report details the molecular analysis of the FIV- recovery system (FMC Bioproducts) and ligated into
pBlueScript II (SK0) phagemid cloning vector (Stra-Oma proviral genome and the construction of an infec-
tious, cytopathic proviral clone as the first steps in explor- tagene). Nucleotide sequencing was performed using
standard primers to vector sequences and FIV-Oma-spe-ing the determinants responsible for FIV-Oma cytotoxic-
ity, fusogenic activity, and replicative ability. cific primers to obtain data for both strands of DNA. The
sequencing was performed using automated DNA se-
MATERIALS AND METHODS quencing (Applied Biosystems, Inc., Model 373A) and
conventional chain termination sequencing (IsothermProduction and screening of the genomic DNA library
DNA sequencing kit; Epicentre Technologies). MacVec-
FIV-Oma was isolated in our laboratory as previously tor/AssemblyLIGN (International Biotechnologies, Inc.,
described (Barr et al., 1995) and propogated in CrFK cells. Eastman Kodak Co.), NCBI Blast sequence similarity
Supernatants (1.0 ml/flask containing 107 cpm of reverse search (GenBank), and MegAlign (DNAStar, Inc.) pro-
transcriptase activity) were inoculated onto 150-cm2 grams were used for sequence analysis, assembly, and
flasks of CrFK cells at 50% confluency and cultured in comparison. The nucleotide sequence for the FIV-Oma
the presence of complete CrFK growth medium (MEM proviral genome was deposited into the GenBank se-
with 20% L-15, 4 mM L-glutamine, 1% gentamicin, 5% fetal quence database under Accession No. U56928.
bovine serum). The CrFK cells were divided (1:5) once
after 3 days of cultivation. The cells were monitored daily Cell transfections and infectivity assays
for syncytium formation. When large syncytia were noted,
Crandell feline kidney cells were transfected with DNAgenomic DNA was isolated from the infected cells using
(5 to 10 mg/25-cm2 flask) from l or plasmid clones usingstandard lysis, digestion, and phenol:chloroform:isoamyl
a commercial calcium phosphate reagent (CellPhectalcohol extraction procedures (Sambrook et al., 1989).
transfection kit; Pharmacia). Supernatants from the trans-The DNA was precipitated with ethanol, resuspended in
fected cells were harvested daily after transfection andTE buffer containing 0.1% SDS and 25 mg/ml RNase A,
were assayed for reverse transcriptase (RT) activity. Su-incubated 48 hr at 377, and dialyzed for 24 hr against 50
pernatant samples (10 ml/reaction) were incubated at 377mM Tris–HCl, 10 mM EDTA, pH 8.0. Following partial
for 1 hr in a solution containing 20 mM KCl, 50 mM Tris,digestion with Sau3A, 10- to 20-kb fragments of DNA
pH 7.8, 20 mM MgCl2 (or 0.6 mM MnCl2), poly(rA):oli-were selected by centrifugation on a 5 to 25% NaCl gradi-
go(dT)12-18 as template:primer, and [
3H]TTP. The remain-ent. The fragments were ligated into l EMBL3 arms (Stra-
der of the assay followed the procedure of Heine et al.tagene) and packaged using Gigapack II (Stratagene)
(1980).packaging extract. The extract was plated on P2392
Supernatants from transfected cells were inoculatedEscherichia coli, and approximately 1.5 1 106 plaques
onto uninfected CrFK cells and PBMCs, and the cultureswere screened for FIV-Oma sequences using a 32P-la-
were assayed for RT activity as described above. Cul-beled FIV-Oma pol gene fragment (Barr et al., 1995).
tures were examined daily for visible cytopathic effects.
Restriction analysis of l clones
Primer extension analysis
Bacteriophage from positive plaques were purified and
The 5* end of the FIV-Oma viral RNA was determinedamplified according to the Gigapack II instructions, and
by primer extension analysis. Polyadenylated mRNA spe-bacteriophage preparations were banded on cesium
cies were isolated from FIV-Oma-infected CrFK cells us-chloride gradients (Sambrook et al., 1989). Following dial-
ing the Oligotex Direct mRNA kit (Qiagen). Reverse tran-ysis (0.1 M Tris–HCl, pH 8.0, 0.05 M NaCl, 1 mM MgCl2),
scription was performed with Superscript II reverse tran-DNA was prepared from the FIV-Oma-positive clones
scriptase (Gibco BRL) using a 5*-end-radiolabeled primer(l1–8) by proteinase K digestion (50 mM EDTA, pH 8.0,
(5*-AGTCCCTGTTCGGGCGCCA-3*) complementary to0.5% SDS, 100 mg/ml proteinase K), phenol:chloroform
the primer binding site just downstream of the FIV-Omaextraction, and ethanol precipitation. Restriction enzymes
LTR. The sequence of the resulting product was com-(BamHI, EcoRI, HindIII, KpnI, NheI, PstI, SacI, SalI, and
pared to that of the full FIV-Oma LTR to identify the tran-others) were used to digest the positive clones, frag-
scriptional initiation site.ments were separated by agarose gel electrophoresis,
and Southern hybridization was performed using a 32P-
Phylogenetic analysislabeled FIV-Oma pol fragment or 32P-labeled FIV-Oma
viral cDNA as probes (Barr et al., 1995). Phylogenetic analysis was performed on nucleotide
sequences from the pol gene of FIV-Oma and other feline
Subcloning and sequencing of l clones lentiviruses. A region of the RT portion of pol, correspond-
ing to bases 2690–3094 in the FIV-Oma proviral genome,Restriction enzyme fragments of FIV-Oma l clones
were purified from agarose gels using SpinBind DNA was chosen for analysis because data from lion lentivi-
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ruses (FIV-Ple) were available only for that region. The
sequences were aligned using DNAStar MegAlign and
analyzed using the principle of maximum parsimony with
PAUP Version 3.1.1 (Swofford, 1990). The corresponding
HIV-1 NDK sequence was included as the designated
outgroup in the analysis.
Amplification of FIV-Oma sequences
Polymerase chain reaction was performed using com-
mercially available reagents (GeneAmp; Perkin–Elmer
Cetus) and standard techniques (Saiki et al., 1988) on
FIV-Oma l2. The following FIV-Oma-specific primers
were used to amplify a 3.6-kb fragment from the 5* end:
forward primer 5*-GCGGCCGCTGGGAGGATTGGAGGT-
CCT-3*, corresponding to bases 1–19 with an added 5*
NotI site, and reverse primer 5*-GCTCTTAAGGCTATG-
TCGCA-3*, corresponding to bases 3633–3614 of the
FIV-Oma proviral genome. A 2.4-kb fragment was ampli-
fied from the 3* end of l2 using a forward primer 5*-
TGTCCAGTGTTAGAGTCGGTAG-3*, corresponding to FIG. 1. Southern blots of FIV-Oma proviral clones in l EMBL3 bacte-
riophage, digested with (a) SacI or (b) PstI restriction enzymes andbases 7182–7203, and a reverse primer 5*-GTCGAC-
hybridized with a 32P-labeled pol gene fragment. Lane numbers corre-TGCTAAGGTCTCCGTCCCGAATC-3*, corresponding to
spond to clone numbers. Locations of molecular weight markers arebases 9747–9725 of the FIV-Oma genome. Amplification
shown to the left of the blots. Digestion of l2 with PstI was incomplete
conditions included a 2-min ‘‘heat shock’’ step at 957 prior (b, lane 2).
to 30 cycles of amplification (947—1 min, 557—2 min,
727—3 min) and a final cycle of 727—10 min in a com-
tion was not evident in any of the transfected cells atmercial thermocycler (Perkin–Elmer). The products were
any time for up to 5 weeks after transfection, indicatingcloned into the pCRII vector (TA cloning kit; Invitrogen
that none of the eight FIV-Oma l clones were replicationCorp.) and confirmed by nucleotide sequencing. These
competent and infectious.fragments were used to reconstruct a full-length infec-
tious proviral clone (see Results).
FIV-Oma provirus sequence and genomic
organizationRESULTS
FIV-Oma l5 and l7, both of which had the internalIsolation of FIV-Oma proviral clones
SacI and PstI fragments, were chosen for further study.
Nucleotide sequence analysis was performed on sub-Eight positive clones (l1–8) were isolated from a ge-
nomic library of FIV-Oma-infected CrFK cells using an clones of the internal 7-kb PstI fragment in pBluescript
II (SK0) phagemid cloning vector using vector-specificFIV-Oma pol gene probe. The clones were analyzed by
restriction enzyme digestion and Southern hybridization. and FIV-Oma-specific primers. Subclones of additional
partially overlapping restriction fragments were then se-Using the pol probe, we identified several internal frag-
ments of the FIV-Oma provirus, including a 4.0-kb SacI quenced. Based on this analysis, proviral clone l7 was
truncated at the 3* end, while proviral clone l5 was inte-fragment (Fig. 1a, lanes 1, 2, 4, 5, and 7) and a 7.0-kb
PstI fragment (Fig. 1b, lanes 2, 5, and 7); however, these grated aberrantly (3* gag, pol, env, partial 3* LTR, 5* LTR,
5* gag); therefore, data from both clones were requiredfragments were not present in several of the clones. The
blots were also hybridized with 32P-labeled FIV-Oma viral to determine the full-length FIV-Oma provirus sequence.
Portions of FIV-Oma clone l2 were also sequenced whencDNA (data not shown) to detect additional viral frag-
ments. Based on the degree of heterogeneity in restric- we determined that it was the only full-length proviral
clone containing 5* and 3* long terminal repeats (LTRs)tion patterns of the clones, we suspected that several of
the clones were less than full length or had aberrant in the correct positions.
Potential regulatory and coding regions in the FIV-Omaintegration patterns.
To determine if any of the proviral clones were infec- provirus were identified by sequence analysis. The geno-
mic organization of the FIV-Oma provirus is typical oftious, each clone was transfected into CrFK cells. The
transfected cells were observed for virion production by other lentiviruses (Narayan and Clements, 1989), with
LTRs, gag, pol, and env open reading frames (ORFs) andassaying for RT activity in the supernatant. Virus produc-
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FIG. 2. Proviral genome organization of FIV-Oma. Open boxes represent predicted coding regions. RF, reading frame; LTR, long terminal repeat.
putative vif, tat (ORFA, ORF 2), and rev ORFs (Kiyomasu ruses (Langley et al., 1994; Maki et al., 1992; Olmsted et
al., 1989).et al., 1991; Olmsted et al., 1989; Phillips et al., 1990;
Talbott et al., 1989; Tomonaga et al., 1992) (Fig. 2). Sev- The Gag polyprotein is encoded by bases 680 to 2173
of the FIV-Oma genome and has a predicted moleculareral additional small ORFs of questionable significance
are also present (not shown). The LTR of FIV-Oma was weight of 55.3 kDa. The gag gene encodes the matrix
(16.7 kDa), capsid (27.3 kDa), and nucleocapsid (11.3aligned with those of other feline lentiviruses, and poten-
tial enhancer and promoter regions were identified (Fig. kDa) proteins, based on assignments by sequence anal-
ogy with FIV-Fca (Petaluma). The gag and pol ORFs over-3). The first 5 (5*-TGGGA-3*) and last 3 (5*-GCA-3*) nucle-
otides of all the feline lentivirus LTRs are conserved, as lap by 198 bases; two heptanucleotide frameshift signals
(5*-GGGAAAG/C-3*) are located 147 and 135 bases up-is the primer binding site located immediately down-
stream of the LTR. Potential enhancer-binding se- stream of the 3* end of the overlap (Fig. 4). A potential
pseudoknot structure, similar to that reported for FIV-Fcaquences identified in the FIV-Oma LTR include an AP-1
site, an AP-4 site, and two EBP20 sites, all located up- isolates (Morikawa and Bishop, 1992), is just down-
stream of the second signal. With 01 frameshifting dur-stream of the TATA element. The G residue at position
224 was confirmed to be the 5* end of the viral message ing translation, a 180-kDa Gag/Pol fusion polyprotein
would result. The pol gene encodes predicted proteaseusing primer-extension analysis of the viral RNA. The
polyadenylation site (R/U5 junction) was identified by its (13.8 kDa), reverse transcriptase (64.7 kDa), dUTPase
(14.2 kDa), and integrase (32.2 kDa) proteins, again deter-position in relationship to the polyadenylation signal (5*-
AATAAA-3*) and by analogy with the other feline lentivi- mined by analogy with other feline lentiviruses.
FIG. 3. Alignment of the long terminal repeat regions of feline lentiviruses. Conserved bases at the 5* and 3* ends are boxed, as are the sequences
of several enhancer/promoter regions including NF-kB, AP-1, AP-4, EBP20, ATF sites, and the TATA element. Poly A, polyadenylation signal. Vertical
lines designate the transcriptional start sites. OMA, FIV-Oma; PET, FIV-Fca (Petaluma isolate, U.S.A.); TM2, FIV-Fca (TM2 isolate, Japan); PLV, FIV-
Fco (puma isolate, PLV-14).
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FIG. 4. Nucleotide and predicted amino acid sequences of the overlapping region of the gag and pol genes of FIV-Oma. Two putative frameshift
signals and a potential pseudoknot structure are underlined and identified. The predicted amino terminus of the protease (PR) protein is indicated
by an arrow.
An ORF which overlaps the last base of the pol gene determined. Table 1 summarizes the comparative data
for these feline lentiviruses. The nucleotide sequencesORF and extends from base 5423 to base 6178 in the
FIV-Oma proviral genome is similar in location and size of a highly conserved region of pol were used to con-
struct an evolutionary tree of FIV-Oma and other felineto the vif gene shown to be essential for cell-free infectiv-
ity in domestic cat FIV isolates (Tomonaga et al., 1992). lentiviruses using parsimony analysis (Swofford, 1990).
Based on the single most parsimonious tree derived fromAn ORF corresponding to ORF2/ORFA in the domestic
cat FIV isolates is located immediately downstream of a branch-and-bound search (Fig. 5), FIV-Oma appears to
be most closely related to the puma lentiviruses and onevif; however, this ORF does not have a standard AUG
initiation codon in the FIV-Oma clones. Several additional clade of the lion lentiviruses. A very similar relationship
is apparent when equine infectious anemia virus is des-clones containing this ORF were generated by RT-PCR
of FIV-Oma viral messenger RNAs from both CrFK and ignated as the outgroup (not shown).
lymphocyte cultures; none of the clones had an AUG
initiation codon. Construction of an infectious clone of FIV-Oma
The env ORF and the first exon of the putative rev gene
Because only l2 was full-length and it was not infec-apparently share an initiation codon beginning at base
tious, subclones of l7 and l2 were used to construct a6507 in the proviral sequence; the second rev exon be-
gins just downstream of the env gene termination (Fig.
2; based on findings of L. Zou, manuscript submitted).
TABLE 1
The coding sequence for the hydrophobic leader of the
Nucleic Acid and Amino Acid Sequence Comparisons of the gag,surface (SU) envelope protein is located about 1500
pol, env, and vif Genes of FIV-Oma with Those of Other Feline Lentivi-bases into the env ORF and almost 200 bases down-
ruses
stream of the predicted splice donor site of the first rev
exon. The SU coding region contains 22 potential glyco- % similarity with FIV-Oma
sylation sites, while the transmembrane protein coding
gag pol env vifregion has 4 potential glycosylation sites and a 27-resi-
Virus (NA/AA) (NA/AA) (NA/AA) (NA/AA)due membrane-spanning hydrophobic region.
FIV-Fca (Petaluma) 66/64 72/75 44/24 59/54
FIV-Fca (TM2) 63/64 72/72 44/23 60/54Relationship of FIV-Oma to other lentiviruses
FIV-Fco (PLV-14) 62/55 60/60 53/43 50/36
The nucleic acid and amino acid similarities of the
Note. FIV-Fca, domestic cat FIV; FIV-Fco, puma FIV; NA, nucleic acid;
gag, pol, env, and vif gene regions of FIV-Oma with corre- AA, amino acid. Calculated using MegAlign (DNAStar, Inc.) sequence
sponding regions of FIV-Fca (Petaluma and TM2, domes- analysis software. Gaps in the sequences were given the weight of
one residue, regardless of their length.tic cat FIV isolates) and FIV-Fco (puma lentivirus) were
AID VY 8358 / 6a28$$$$23 01-15-97 13:48:49 viras AP: Virology
89SEQUENCE ANALYSIS OF PALLAS’ CAT FIV
lentiviruses (Maki et al., 1992; Miyazawa et al., 1991;
Olmsted et al., 1989; Phillips et al., 1990; Talbott et al.,
1989). The additional sequences are scattered through-
out the genome rather than concentrated in one region.
Based on this preliminary analysis of the FIV-Oma ge-
nome, we anticipate that the differences in biological
activity between FIV-Oma and domestic cat isolates are
due to differing products or activities of similar genes
rather than the presence of an additional gene. By con-FIG. 5. Single most parsimonious phylogenetic tree for a conserved
structing chimeric clones of the infectious, cytopathicregion of the pol gene of FIV-Oma and other feline lentiviruses, pre-
molecular clone, pFIV-Oma3, and the minimally cyto-pared using maximum parsimony (PAUP 3.1.1), with HIV-1 the desig-
nated outgroup. Tree length  382; consistency index  0.73. Branch pathic domestic cat FIV clones, pFIV-PPR and pFIV-14,
lengths are representative of the number of nucleotide substitutions we will be able to identify the determinants of FIV fuso-
(numbers above the branches). Abbreviations: FIV-Oma, Pallas’ cat FIV;
genic and cytolytic effects in CrFK cells.FIV-Fca (Pet), Petaluma domestic cat FIV, U.S.A.; FIV-Fca (TM2), TM2
Although all the feline lentiviruses examined thus fardomestic cat FIV, Japan; FIV-Pco, puma FIV (number in parentheses
have several putative regulatory elements present in theirrepresents the animal number); FIV-Ple, lion FIV (number in parenthe-
ses represents an animal from each of three clades); HIV-1, NDK strain LTRs, these motifs are not uniformly conserved. Sparger
of HIV-1. et al. (1992) have demonstrated a decrease in basal activ-
ity of FIV LTR constructs derived from FIV-pF34, a molecu-
lar clone of FIV-Fca (Petaluma), following mutation of thefull-length infectious proviral clone. The 7-kb internal PstI
first AP-4 site, the AP-1 site, or the ATF site. However, thesubclone from l7 was flanked with PCR-amplified and
AP-1 site of some domestic cat isolates is not requiredrestriction enzyme-digested 5* (AflII) and 3* (Eco47III)
for virus replication in feline lymphocytes or in cats (Miya-ends of l2 to produce a full-length provirus, pFIV-Oma1,
zawa et al., 1993; Bigornia et al., 1996). The ATF site ap-in pBluescript II. Following transfection of this clone into
pears to play a more important role in replication of FIV-CrFK cells, a short period of particle-associated RT activ-
pPPR both in primary cultures of feline lymphocytes andity was noted; however, the virions produced did not
macrophages and in cats (Bigornia et al., 1996). The FIV-infect either CrFK cells or feline PBMCs. Cotransfection
Oma LTR lacks the ATF site but has an AP-1 site locatedof pFIV-Oma1 with a subclone containing the env gene
approximately the same distance from the TATA box posi-from l5 resulted again in a short period of RT activity
tion which may function in a similar manner.on Day 3 followed by a second period on Day 13 and
In FIV-Oma, the small ORF which immediately followsexponentially increasing RT activity by Day 15, sug-
the putative vif gene corresponds to ORF2/ORFA of othergesting that the progeny virions were able to infect and
feline lentiviruses. This ORF is not required for replicationspread in the transfected cell culture. Supernatants from
of domestic cat isolates in CrFK cells and T lymphoblas-the FIV-Oma1/l5 env transfection contained virus which
toid cell lines, but appears to be more crucial for efficientwas infectious for new cultures of CrFK cells and feline
replication in primary feline lymphocytes (Tomonaga etPBMCs. Because this cotransfection was successful, we
al., 1993; Waters et al., 1996). If this finding holds trueconcluded that the env gene (or the overlapping first exon
for FIV-Oma, then the ORF may be expressed despiteof rev) of FIV-Oma1 was the defective portion. Through
the lack of an AUG initiation codon because the virusa series of subcloning steps, an Eco47III/NdeI fragment
replicates well in primary feline lymphocytes. We suspectof FIV-Oma1 containing the env orf was replaced with
that the CUG codon corresponding to proviral basesthe same fragment from l5. This proviral clone, pFIV-
6195–6197 may provide an alternative site for transla-Oma3, produced infectious virions following transfection
tional initiation, similar to the situation described forinto CrFK cells. Cytopathic effects of syncytium formation
equine infectious anemia virus tat initiation in its bicis-and vacuolization similar to those described for wild-type
tronic tat/rev gene (Carroll and Derse, 1993). This CUGFIV-Oma (Barr et al., 1995) were visible by Day 5, and
codon is in a favorable context for translation and ismost cells were lysed by Day 11 following transfection.
located just downstream of the corresponding start siteAdditionally, progeny virions were infectious and cyto-
of ORF2 in domestic cat FIV isolates.pathic for CrFK cells and primary feline PBMCs.
Analysis of the relationship of FIV-Oma to other lentivi-
ruses adds a small piece of information to the puzzle of
DISCUSSION
lentivirus evolution. In this analysis, FIV-Oma appears to
represent a feline lentivirus of nondomestic cats whichThe organization of the FIV-Oma proviral genome is
similar to that described for domestic cat and puma FIV is almost equally diverged from its lion and puma coun-
terparts. However, FIV from additional Pallas’ cats mustisolates, although its length of 9747 bp makes it slightly
larger than the 9100 to 9468 bp reported for other feline be isolated and examined to determine if FIV-Oma repre-
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virus bicistronic tat–rev mRNA requires leaky ribosome scanning ofsents a unique Pallas’ cat lentivirus. Unfortunately, the
the tat CTG initiation codon. J. Virol. 67, 1433–1440.scarcity of these cats in captivity and the difficulty of
Heine, C., Kelly, D. C., and Avery, R. J. (1980). The detection of intracellu-
sampling them in the wild may prevent a thorough analy- lar retrovirus-like entities in Drosophila melanogaster cell cultures.
sis. Other investigators have hypothesized that feline len- J. Gen. Virol. 49, 385.
Hirsch, I., Salaun, D., Brichacek, B., and Chermann, J.-C. (1992). HIV1tiviruses have been infecting and evolving in the separate
cytopathogenicity—Genetic difference between direct cytotoxic andspecies of cats for many years (Langley et al., 1994;
fusogenic effect. Virology 186, 647–654.Olmsted et al., 1992). It is possible that the divergence
Kiyomasu, T., Miyazawa, T., Furuya, T., Shibata, R., Sakai, H., Sakuragi,
of lentiviruses in cats parallels the divergence of the J.-I., Fukasawa, M., Maki, N., Hasegawa, A., Mikami, T., and Adachi,
various species of cats themselves; alternatively, cross- A. (1991). Identification of feline immunodeficiency virus rev gene
activity. J. Virol. 65, 4539–4542.species transmission may have occurred at various
Langley, R. J., Hirsch, V. M., O’Brien, S. J., Adger-Johnson, D., Goeken,times during the evolutionary history of felids. In order
R. M., and Olmsted, R. A. (1994). Nucleotide sequence analysis of ato distinguish between these two scenarios, sequence
puma lentivirus (PLV-14): Genomic organization and relationship to
data must be analyzed for FIV isolates from additional other lentiviruses. Virology 202, 853–864.
species of cats and from more cats within each species. Maki, N., Miyazawa, T., Fukasawa, M., Hasegawa, A., Hayami, M., Miki,
K., and Mikami, T. (1992). Molecular characterization and heterogeneityThe isolation of predominantly noninfectious proviral
of feline immunodeficiency virus isolates. Arch. Virol. 123, 29–45.clones from genomic libraries has been reported for
Miyazawa, T., Fukasawa, M., Hasegawa, A., Maki, N., Ikuta, K., Taka-visna virus (Andresson et al., 1993; Staskus et al., 1991).
hashi, E., Hayami, M., and Mikami, T. (1991). Molecular cloning of a
If, as in visna virus-infected cells, aberrant proviruses novel isolate of feline immunodeficiency virus biologically and geneti-
are the predominant species in FIV-Oma-infected CrFK cally different from the original U.S. isolate. J. Virol. 65, 1572–1577.
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